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of heteroatoms.  More of the hydrogen Is added to the C^+ liquids and
more goes toward the removal of the heteroatoms in the SRC-II, EDS,
and H-Coal processes.

When one examines how the use of hydrogen breaks down on a percent-
age basis (Table 15), it becomes apparent that a sizable portion of it
(32-70 percent) goes into the production of the C^-C^ gases.  While these
gases are valuable products in themselves, they consume a dispropor-
tionate amount of relatively expensive hydrogen. Methane, for example,
has an H/C ratio of 4, double that of the premium transportation fuels.

The cost of converting coal to transportation fuels could be low-
ered if the amount of hydrogen consumed in producing the C-^-C^ gases
could be reduced.  Short-contact-time experiments on the mechanism of
coal liquefaction (Whitehurst et al., 1976, 1977) show that a consid-
erable reduction in gas production is possible.

Another way to reduce the hydrogen requirements of coal conversion
processes is to modify end-use equipment to allow the use of fuels
with lower H/C ratios.  Since such fuels would be highly aromatic,
they could be used in spark-ignition engines but might present prob-
lems in diesel engines.

DIRECT LIQUEFACTION PROCESSES WITH DECREASED HYDROGEN CONSUMPTION

As pointed out above, a short-contact-time (SCT) version of the SRC-I
process can produce SRC liquids with a lower consumption of hydrogen.
Lummus is developing a two-stage liquefaction process (Schindler,
1980) in which the product of an SCT unit is de-ashed and passed to
an ebullating-bed LC-Fining unit for further conversion.  The solvent
is obtained from the LC-Fining product and recycled back to the SCT
dissolver. Figure 13 is a flow diagram of this process. A compari-
son of the process f hydrogen consumption (Table 16) with those of
other processes (Table 14) shows a substantial improvement.

Reduced hydrogen use has also been achieved in the Lummus Clean
Fuels from Coal (CFFC) process (Long et al., 1979) by using a series of
plug-flow expanded-bed reactors without any internal recycling (instead
of continuous stirred-tank flow, as in H-Coal and LC-Fining). The re-
sults obtained with this process are also given in Table 16.

INDIRECT LIQUEFACTION PROCESSES

In the indirect processes, coal and water are first converted to a
mixture of CO and ^ ("syngas"), partial combustion of the coal supply-
ing the heat required and additional CO.  This gas is at a higher
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be converted rather easily to hydrocarbons, oxygenated organic compounds,
C02> and 1^0 by a variety of processes, with the further release of